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 E ORKMEAY (PMys) T ai/ZRAEY (PFASs) W JE MW & X F T MK HE T
PFASs I WA /K - Azt FE 26 A5 5 Bl B 22 . A58 38 o B BCRFE REXT PM, 5 LA 2 PFASs [ & SER0%
E5, ERTSCRREN AT HEIEN (QFF ) SN RAEIE. I 3k 5t 32 OB ES N i % 22 5t 400 1547 1
i, R BURE G B X 4 55 PFASs fE4E— € M55, 38 2 SR FHAE X 02 09 P A vl T B 405 . e 2400
A HE S T I A 2 B - RO A (6 1% -8R B 3% ( SPE-HPLC-MS/MS )[R B il 52 PM, 5 40,35 S0 4% 22 TR BE R
2 ( CI-PFESAs) 7PN 16 Ft PFASs 1) )7 5. PM, s RE & 22 B 75 PR V5 25 B0, e 59 BB 732 i
(WAX) BEHZEROE: & ik, I Acclaim 120 C18 (A5%4E, LIHIEEH 50 mmol L™ Z TR E /KA N R
AR H bR PFASs HEAT A EEVEME AN 0 85, Sl miE B F I B TG 7 8 7 2 & & N WA =X
(MRM ) T H#ATEI. ZEPLALI AT 4, 16 #h PFASs B 7 B R ( MDLs ) 4 0.09—1.53 pg-m™,
HNAR EICR N 76.6%—122.3%, FHRFRHEMZE N 0.5%—13.1%. % EREEE, HEmEs, ST
FRIFEE PM, 5 H' PFASs A4 ATTAar . Xt b 5t T SR B WIRT IS PM, 5 Y PFASs #4773 , 45 R E WY PFASs ik
JE7E 8.9—101.3 pg'm™ Z i, LI PFOA 1 PFBA AR A & H AL IIRIR (PFCAs) N FE, LT REM
PM, 5 11 PFASs 15 QKA — & FHiy, HIREA Riif— L.

R ESORA RS-, PFASs, PM,s, JEFRBUN, wAESCER.
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Abstract Determination of per- and polyfluoroalkyl substances (PFASs) in PM, s (particulate
matter with an aerodynamic diameter less than 2.5 micrometres) is important for understanding their
occurrence and long-range transportation in the atmospheric environment. In this study, quartz fiber
filter (QFF) was selected as the appropriate filter based on comparable findings of enrichment
efficiency of PM, s and PFASs. The matrix effects of PFASs in PM, s were evaluated by post-
extraction spiking method. The results indicated that matrix suppression was found for the
measurement of short-chain PFASs, but it could be eliminated by using their corresponding mass
labeled standards. The method was developed successfully for simultaneous determination of 16
PFASs, including chlorinated polyfluoroalkyl ether sulfonic acids (CI-PFESAs), in PM, 5 by using
solid phase extraction (SPE) and high performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS). Target PFASs in PM, 5 samples were extracted with methanol using ultrasonic and
shaking, and then purified using weak anion exchange (WAX) cartridges. An Acclaim 120 C18
column was applied to separate all compounds. The mobile phase was the mixture of methanol and
50 mmol-L™" ammonium acetate, which were run in a gradient program. The PFASs were detected
using electrospray ionization tandem mass spectrometry (ESI-MS/MS) operated in negative and
multiple reactive monitoring (MRM) mode. Under the optimized analysis condition, the method
detection limits (MDLs) for 16 PFASs ranged from 0.09 pg'm™ to 1.53 pg-m. Average recoveries
of 16 PFASs in PM, 5 ranged from 76.6% to 122.3%, with relative standard deviations (RSDs) of
0.5%—13.1%. Hence, this method is accurate, sensitive and suitable for analysis of PFASs in PM, s
from real environment. Moreover, the method was used to determine PFASs in PM, 5 around heating
period in Beijing. It was found that the concentrations of Y PFASs in PM, s ranged from 8.9 pg'm~ to
101.3 pg-m™. Perfluorooctanoic acid (PFOA) and perfluorobutanoic acid (PFBA) were the
predominant compounds. The concentrations of PFASs in heating period were higher than that before
the heating period, the reason of which needs to be further studied.

Keywords HPLC-MS/MS, PFASs, PM,s, matrix effect, enrichment efficiency.

LH/ZTACE Y (PFASs) JE—ZR A T A A A DL A9, 5 58 BE B4 Bk R RN 2218 B M 1k 356 AT et 7
TR A Y MR O i 0 BERT Ak 2 R e P L B KB e ARG I R R s e B A A e v L A
12 70 AF B Y BRI N A ST v, IR S Al R A AL B R R B AR
Ha ks 2 TGURIE 5 2 B PFASs 76 A4 F HAth A 9 14 9 EL A B 560 104 35 BLRE ), I 1T B 1 B a0 A 7 B
PED ML BEED HUR IR T S 2 FOR RABFREON, Hots e (14 2 25 R85 [ A A4 (gt B XU 5 1
BT T2 W45, BT, PFASs AHSCHFFE A T tH A EREERF 2= 78 308

LA, [E P ANE A K EHFIERGE T PFASs FE /K A0 1 A0 e oa sl 4304 I R Ls -1 4
PIEA T LA K A AR I 78 1 U TR I PFASs Bk Rl K B 5, B 3 2ok /K B A5 A7 BN
163 . ik, A 5 2 4E 5 T RIS RIK IR o PFASs AU A I . A7 FLAT . SR, — Be B 7 il
PFASs A7 78 LA /N K APURE o AR KB A 4, ©A Do 78 TR DUIRRE S P A T
PFASs FUAETEN, FEBA RS FRBE L2 PFASs 1% 6y FIHE AL 0 3 B4 0, 0 H 5 A48 b ) A9 I 2 RS
B R R Az PFASs AE W) 28 82 1) T 23 e H R, KA R (PM, 5) 1E Ry e 52 56 1 19— KA 15 4
W, HA N2 2% R EL IR = PRBE G 1 D A B B AL 4 1k, I EL LA A R AR 2275 Y 0 11 v W
HARC 2, PFASs WAHISL. Pk, TR PM, 5 1 PEASs I 7K P Bz HORH SC BR8] iU 5 , 0
HIEXF —F B A 15 Y 5k A 2 f B XU HL A 3120 A0 B 88 S s 0 0 vk 2 JF g PM, 5
PFASs 85 RF AR 5T A AT HE, AT H A e KAl 19 LUK 3R BT 8 3219 PFASs 1Y [ A0 A5 B (SPE) -1 5%
AR (03 (HPLC) -5 IR % (MS/MS) 44 7 36t PM, 5 Y PFASs Y40 Fr Rl v 3 #5 — & 4 1z 1, 3
IR IFAE— SRR A Z AL

—J7 i, B PM, s 1 PFASs 15 Y W77 0 BIF 8 A 85 T AL 48 PFASs™® 2. SR 1 3T 4F- R bifi 25 5 70
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4t PFASs #25 FHaBR FH, B R BT 7 KA AH K 5B 8 PFASs #B &/ 2 AR, ansd A2 5
ik fifi 112 ( C1-PFESAs) #% 4 24 PFOS A0 i i H T L1 7l 58 % W] CI-PFESAs T 1E 45 Fh K IR 5
AT e, HEA AL S PFASs B = (9 A= ) 3 M A i A iRk s B 2 (H H /T C A 1
PFASs 77 ik AR X F 2 31 7 PFASs 41 6 35, 79— J7 10, KAUBUR W) A7 78 2 24 AR JL A4, X se LR g
75 43 %} PFASs 11 43 87 7= Az 5% W AT5 SR B A5 BB I 0 5%, XM — 8 B LRl 20 7 R ORI 9 v
PFASs W HER 534 LA S DC RSB 5E. BRI, BF9E PM, s 6046 — 2881 A PFASs 7E N ) PFASs 1)
O3 AT 1k SO SCE  R2R, X ARAS MEA T SR 25 5L, BA# PFASs RAMRIRAE . 17 0 A fE 25 4% i
AHEZEEX.

AHWFSE K E4L3E CI-PFESAs 7E N B 16 B PFASs, 48 T A [F SR FE BT PM, s K H i PFASs 19 &
SEROR, 88T XD vk T BE AR S ) ) L SR AN, A Ak i - S8k, T T T B B T A i
(WAX)SPE-HPLC-MS/MS 5317 71, A Ja B2 KA 5 Y PFASs 1975 et 8 S A 850 5 1 S 4.

1 S2EGEH ) (Materials and methods )

L1 4SS i F 54k

2 00U AH 0 3% - = B DU AR AT 3% 4 (HPLC: UltiMate 3000, % [E Thermo Fisher 23 & ; MS/MS: API
3200, 3£ [ Applied Biosystems/MDS SCIEX A F] ), B i Analyst T.1E 3l ; WAX [& A 2 BU/MVHE (6 mL,
150 mg, Waters 23 A ); Milli-Q #8247k &4t (3£ [ Millipore 23 F] ).

16 #f H 45 PFASs TE40{5 B 0L3R 1, 46 11 Fh 2 fURM S Y (PFCAs), 3 F & #BE R AL &)
( PFSAs) #l 2 1 CI-PFESAs; [A] fi & 45 ic B9 4 % AL & ¥ W A5 ¥ ( MPFAC-MXA) 1 & “C,PFBA.
BC,PFOA. “C,PFDA. “C,PFDoDA . "*0O,PFHxS H1°C,PFOS, H# A& 1E iy 4b B i B2 FIAL &8 70 Hr b 5 R 1)
22, UL PFASs bR AT AR P34 H T4 K Wellington Laboratories.

I (i 4, 55 [ Merck 28 A)), S BREE . &K . VKBSIR (€3l 48, 55 [ Alfar A ) ), SE56 HK i
Milli-Q # 47K R 5t il 4.

F 1 16 Fl PFASs INTESCHAFR . 45 | fb# AN AR

Table 1 Full names, abbreviations, formulas and mass labeled standards of 16 PFASs

G HATR 5 e Xof o IR
Full name Abbreviation Formula Mass labeled standard

Perfluorobutanoic acid PFBA C,F,0,H BC4PFBA
Perfluoropentanoic acid PFPeA CsFoO,H BC4PFBA
Perfluorohexanoic acid PFHxA CeF1,0,H BC4PFOA
Perfluoroheptanoic acid PFHpA C;F30,H “C,PFOA
Perfluorooctanoic acid PFOA CgF50,H BC4PFOA
Perfluorononanoic acid PFNA CyF,0,H BC4PFOA
Perfluorodecanoic acid PFDA CoF190,H C,PFDA
Perfluoroundecanoic acid PFUnDA C,F,,0,H C,PFDA

Perfluorododecanoic acid PFDoDA C,F;0,H C,PFDoDA

Perfluorotridecanoic acid PFTrDA C3F,50,H C,PFDoDA

Perfluorotetradecanoic acid PFTeDA C,4F,,0,H BC,PFDoDA
Perfluorobutanesulfonic acid PFBS C,FoSO;H '*0,PFHxS
Perfluorohexanesulfonic acid PFHxS C¢F13SO;H '*0,PFHxS
Perfluorooctanesulfonic acid PFOS CgF,,SO;H BC,PFOS
6:2 Chlorinated Polyfluoroalkyl ether sulfonic acid 6:2 CI-PFESA C4CIF 4S04 BC4PFOS

8:2 Chlorinated Polyfluoroalkyl ether sulfonic acid 8:2 CI-PFESA CoCIFS0, BC,PFOS
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1.2 FEELCRAEFAL I

AT RAE A T R B AR IS IR A T D £ A AR R IO, T RS 0 HLJCHRAEHERCIR. 2020 4
10 H—11 F 1Rl o i R A00RE A7) R A 4% (55 5 087 3 2050 1) DL 100 L-min' Y 30 3 R 5
PM, s B dfh. SREERT, JEAEH/ETE S 3547 500 °C 4858 6 h ZLBRA HLY 2% )5, e R H M4 1 T F- 5 24 h )5
FRERAFAE R A RAEAS T & B T T AR 55 0 i & A5 2 o ) SRASE 288 3 A2 R 25 1034 FH FHY B A 738 Uk
DAt T G R R SR S8 AR, UERSEPR S AR A AL B TR A T, 7E-20 °C IRAF AL S,

B 1/2 SRARERE 8 /N (0.5 emx0.5 em) A 15 mL B5.0 45 1, /il A 2 ng N#R, 18215 %46 30 min,
Bt J5 A 8 mL HIE%, 955 1 min, 45 °C F# A 30 min, 250 r -min™' #E 75 H#2H 16 h, LA 4000 r -min™" &5.0»
10 min 5B F W ZE S — 15 mL 5505, FA 6 mL s I8 F B BT YR I, 59 B,
A IR AR BUR AR R 1 mL, KB /KRR 50 mL f5HH WAX [E A A BUNME G AL AL

RERT, WAX /INVEESE T 1% 020K FF B3 00R F BTG Ak, RGN 8 mL 253 F oK 5L AL 7. BE i
PL2—3 Ji-s ' R 3 E WAX /MM, B RSE U5, B 4 mL SR 22 hiA TR 8 mL 25 B T /K I
VEZ T, AMEAE T RS N TR, BRI AR B AT 1% 0920K HF BRI WA T e 0, DR AUk &2
250.5mL, IR EEEZAE 1 mL, L1 4000 r -min™' 2.0 10 min J5 B E 15 2 R 7R
1.3 Rt &5

Pl Acclaim 120 C18 a4+ (4.6 mmx150 mm, 5 pum) M43 B4, H LR 3040 A) Al 50 mmol- L™ 2R
BRI (R BT B) TR &R EAT 86 B MR, 10 min U] LAXT 16 Fl H b5 PFASs SEHL R A9 025 (1 1),
6 5 Uk B B2 7 2 0—4 min, 28%—5% B; 4—7 min, 5% B; 7—7.1 min, 5%—28% B; 7.1—10 min, 28%
B; i A 1.0 mL -min'; #ERE R 10 uL.

PFHIxS
FFBS ‘ PFOS

3.0X10% -
28X10* 1
26X104
24X104[
22X104[
20%104
1.8X10%|
1.6X10*|
1.4Xx10*
12x10*
1.0 X104
8.0X10°
6.0X103
4.0X%103

0

6:2 CI-PFESA

HpA PENA
PFOA

Intensity/cps

PFUnDA

| PFTrDA
PFDoD4 PFTeDA
‘ PFDA
[ \ 8:2 CILPHESA
AAWA
T — T T T 1 T i T T

— T T T - T I 1 1
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
t/min

1 16 1 PFASs(10 ng-mL™") A9 5L B Fif (i 1
Fig.1 Total icon chromatograms of the 16 PFASs standards (10 ng-mL™")

T AAE EST B 25 A5 =Xl 1 22 S iz Wil (MRMD) 38 A7, B 2 B8 85 R 125 1 o B 80U, X ik e
HLE(DP) . A HHLUE (EP) SE S8 T AL, TLAL)5 A5 BUG S 8O0 2. Bl RIASEI T : & 5 IR
J& 350 °C; A< 0.20 MPa; Hlf 18 <, 0.06 MPa; Wi 25 1[5 -1000 Vs & T IR JE 350 °C; 516X 0.60 MPa;
B %516 0.40 MPa.

R 2 PFASs LRI AR BIE S 5L
Table 2 MS parameters of the PFASs and mas labeled standards

N BT THT fift i LR/ V UNEL:N: 7Y BEiERER/V iR OV
&Y . . . - .
Precursor ion Product ion Declustering Entrance Collision Collision cell
Compound . . . . .
(m/z) (m/z) potential potential potential exit potential
PFBA 212.8 168.8 -15.5 -10 -16.2 —4.7
PFPeA 262.8 218.9 -21.5 -10 —-15.5 -5.8

PFHxA 312.8 269.0 —-18.7 -10 —-15.6 -7.8
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22
A BEEF FEF f R RV AHHENV i RER/V fili g R R/ V
(ot . . . - .
Precursor ion Product ion Declustering Entrance Collision Collision cell
Compound . . . . .
(m/z) (m/z) potential potential potential exit potential
PFHpA 362.8 319.0 -23 -10 -13 -9
412.8 369.0* -16.5 =10 -15.2 -10.4
PFOA
412.8 168.8 -20.6 =10 —24.5 —4.4
PFNA 462.8 419.1 -31.4 -10 -19.1 -12.1
PFDA 512.8 469.1 —24.4 =10 —24 =74
PFUnDA 562.8 519.1 -23.4 -10 =30 -8.5
PFDoDA 612.8 569.0 —24 -10 —25.6 -9.2
PFTrDA 662.8 619.0 -33.4 =10 —24 -10.3
PFTeDA 712.8 669.0 -52.9 -10 -21.1 -11.2
298.8 79.9* -71.2 -10 -51.2 -3.5
PFBS
298.8 99.0 =70.2 -10 —40 -5.1
398.8 79.9% =75.3 -10 —66 -3.1
PFHxS
398.8 99.0 =72.6 -10 -51.4 -2
498.8 79.9* —89.1 =10 —86.1 -3.4
PFOS
498.8 99.0 —82 =10 —62.7 -2
530.6 351.0% —66 -10 —41.6 -9.8
6: 2 CI-PFESA
530.6 83.0 —56 -10 —50.6 -1.6
631.0 451.2* =31 -10 =35 =7
8: 2 CI-PFESA
631.0 83.2 =75 -10 =53 —4.3
“C,PFBA 216.9 171.9 -24 -10 -13.5 -4.8
3C,PFOA 416.8 372.1 -25.4 -10 -13.5 —5.45
"C,PFDA 515.0 470.0 223 -10 -18.2 -13.2
"C,PFDoDA 614.8 570.0 -25.6 -10 -22 -9.4
"*0,PFHxS 403.0 102.9 -81.2 -10 —48 -2.5
C,PFOS 502.8 79.9 -91.8 -10 =783 -3.6

* EH BT Quantitative ion.

1.4 BTV PEAL

ARHIF 5 2R FH 32 55 4 BT VS N2 o 35 JBRRL0 (MB) (AT 1Ay pR T ELSE 1Y) PM, 5 6 JB0E DA R A, A HF
FELARE AL AL PM, 5, B 0.5 g BEZR A 10 mL HF SR A0 TE A i L, HéF 8 ol Y0 22 Ak 34T 11 SR
5 Ak 24 h VR BAUR AR RS, BAR D BRANTR ¢ 43 50 BURE AL PML, 5 HY B e 9 . 255 10 SR A S RIS 41
PM, s SRAEJE 3 FhHLST, AN ANAATA H AR A bR, 42 BEORE A AT b 17 V5 3T 5 SR v Ak, F 4 HRU A
F 1 mL JE RS2 (R, 7248 B TP INA 2 ng B9 PFASs FI AR, TR )G EALINGE, 15 20 ks 5 2% 5
M WAL (A ) 5 59 B 1 R o L L HLAS, 345 25 P38 i 7 L (B) 5 3 AR 2 ng-mL ™" ) PFASs I B
TR 3 B AR AT o 5 T 1) o O A () . R R T3 8 3 AT RE S, N R SO A R AR TR
J_:E[N] ﬂﬂ—F

ME = f% x 100%

4 ME~1 B, SRR AR SE RN ; 2 ME<1 B, 7S Al Bk A7 5L B il ; 4 ME>1 B, 7R A il

A7 7 i T .
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2 ZEE T8 (Results and discussion)

2.1 REEEESE

A G 27 Yk Y8 5 (QFF ) FN3E B8 £ 2 U8 B ( GFF ) J& R AR R AR i FH BB AR, T 17 v R i A
[FIE BT PM, 5 Ht PFASs SRAR SR FE M. A5 (0 FH I 15 K ASIORE ) 2R A 2 25 42 79 o 0 RS AH ] <
RN R T X PM, 5 S PFASs [ REERCR, [A] B R FEAN [F] SR AE B T 7 o SR ASE JRE0T JHL ' 44
P AT

WE 2a Ji7s, ASEERFERHS T PR RAEE T PM, 5 (SR EBCRAIT, 78 48 h 1 72 h (Y RAERTHK
T QFF 4 & 4 fE J1 W% & T GFF. {H QFF 7E 24 h 1 72 h Ay R AWK T XF PFASs (9 B £ fE W & T
GFF, 48 h T~ 3 B A Re J1AH I (18] 2b) . AR AR AN [F] B R 42 21 1 PM, 5 A1 PFASs 9 5T it A0 A T
LG, G5 R LB FP SRR T 5 YR B IEAH O3 2 (18] 2¢), AP 24 PM, 5 ¥ BE RO [R]B, K
T PEASs BYT5 G W2, TIESE T PM, 5 J& PFASs 75 R P B B Z 4R FIA B (1R TR
[ &, QFF R 4E 1 PM, s Al PFASs — 3% Z [H] 19 i1 2 030 A& 4k 1 O¢ R B 4F, 3R B QFF X F PM, 5 Al
PFASs MR A RCR I, 75Uk B2 i 35 Wil 43 A v B8 — Stk AAs v PR DL 3. 2875 LB, QFF 3
TSLPRIFHE T PM, s 1 PFASs HISREE.

160 80 — R ¢
[ 2 [l FF b B QFF o QFF
o L CJcrr ol [ crr ol o GFF .
N L .
130 sall L R=0.5008
P - ~ F 8
‘ ki
g 100 - g SOF o
EON N g6t
80 rEds z
E ¢ 20 -
60 |- &30 4
40 |- 20 > L
20 10 o i °
0 i 0 I 1 L | L | L 1 L | 1
24 48 M2 24 48 M 0 5 10 15 20
t/h t/h PM, s/mg

B2 AR QFF Fl GFF X PM,s(a) #l PFASs(b) (1) & S 23 L S PM, 5 Fil PFASs {5 i X 5 ()
Fig.2 The enrichment efficiencies of PM, 5 (a)and PFASs (b) by using QFF and GFF. The mass relationships between PM; s
and PFASs (¢)

2.2 AV

KAEREF PM, s Y 5 24 38 00T BB 7E (6315 53 25 5 S5 1800 B AR 4L 07 B8 1t # b & 2 5 4, i
SE B AR 10 B AR A R TR0 2 20 A 5 SR B3 5 B BBV AR 2 Xk — 3 R L o g iR A 7
PEAL, 3 AP 5T B FE BN N 3 BT

[ Ja4%s 2 AL A Short-chain PFASs
[ K482 %4 & Long-chain PFAs
120 |- ZA 5525 AL &Y PFASs

I [ 37 2 Y #iMass labeled PFASs

Sl

60 -

Percentage/%

40

20

PM QFF PM+QFF
Matrix

B3 PFASs J[AfZ NARTE 3 Ffig o i1 ok o
Fig.3 The matrix effects of PFASs and mass labeled PFASs for three matrixes
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R PM, 5. QFF FIRE L PM, s 5 KE 5 1 PRASs 1 5L 5 2% W 23 %1 4 74.6%—106.8%. 75.2% —
111.4% F1 77.2%—124.0%, % [F] {7 F& N A 14 56 0T 8000 4 591 8 82.5%—120.3%., 80.1%—124.0% Fl
79.2%—128.4%. 3 Py WAEAE AN [R) AR B 100 35 A8, AR Dy 2 R P b i R AT o, mT 3 Ao o) 1z 19 [ 7
RNARIEATIEIETEBR. 53 4b, %4 PFASs(C<8) 5 K4 PFASs(C>8) #H L BT 25 5 52 BA5 S M il F5 il &
PFBA £77F B . (1) BRI 5 8500 (75.2%—77.2% ), ABAT5 ] 38 o HXof 17 [] 437 26 P9 A C4PFBA(86.4%—
91.8%) fE—E BB LA TIHBR, BCIEJ5 PFBA M IICRIE 5 92.5%—96.3%, i /& SEFRAE i 23 A7 I 2 i)
2.3 JriEPEBEVEAL

BC il & 2 ng-mL™" i PFASs [R] i 2 A5 ic N b AR B1 A [R) 4R B2 1) PFASs TR A A5 E 7 #(0.05, 0.1,
0.2, 0.5, 1.2,5,10, 20, 50 ng-mL™") #ERES 4T, DL PFASs A4 o 1 9 B A A b, LA H: 556 7 P e 06 1T
TR FAE R AR ARz il b it 2. 45 520, 16 A PFASs 7E 0.05—50 ng-mL™" 35 Bl P 2 B & 4 1 2%
PERZR, 78 1x2 BUE R AR PEAR O R B8 2 0.99 DL F. 20 B LIS MR LR 3 1 10 5k 107 £ e B A R AR
K H R (LODs) #15E 2 FR (LOQs ), J7 46 i FR (MDLs ) A1 %E H: FR (MQLs ) 4351 i LODs., LOQs F1AH i
) & AR RS . A3 3 fr R, 16 Bl PFASs i MDLs Fll MQLs 43 51 & 0.09—1.53 pg-m~ #l
0.23—5.13 pg'm™.

3 PM,s 1 16 Fi PFASs BRI | ARG 22 . J7 2 i BN 1k B
Table 3 Recoveries, RSDs, MDLs and MQLs of the 16 PFASs in PM, 5

SRk B 7K - Spiked concentration DRI ke R

PFAS 1 ng'mL"™" 2 ng'mL™" 10 ng'mL™" /(pg'm™) /(pg'm™)
BI/%  RSD/% BI#/%  RSD/% BI#/%  RSD/% MDL MQL
PFBA 112.3 5.9 93.5 4.2 100.9 2.5 0.28 0.88
PFPeA 101.4 9.6 85.3 7.5 118.9 3.9 0.23 0.69
PFHxA 106.7 5.2 93.3 22 98.7 12.1 0.18 0.55
PFHpA 99.6 7.1 89 4.8 99.3 12.1 0.14 0.46
PFOA 110 5.1 94.7 8.5 104.1 12.7 0.18 0.60
PFNA 76.8 13.1 88.8 4.1 94.9 9.2 0.09 0.28
PFDA 105.7 7.4 79.2 12.4 97.5 12.6 0.18 0.60
PFUnDA 122.3 53 98.7 11.9 113.2 5.6 0.09 0.28
PFDoDA 115.3 4.4 96 4.3 110.5 5.0 0.18 0.69
PFTrDA 92.7 7.1 92.8 1.6 100.2 7.7 0.32 1.02
PFTeDA 87.8 8.2 91 3.8 93.7 7.3 1.53 5.13
PFBS 116.3 3.5 99.1 53 90.9 54 0.09 0.23
PFHxS 104.3 5.8 101.2 7.2 98.7 9.6 0.09 0.32
PFOS 104.7 8.7 95.1 8.7 99.2 4.9 0.09 0.28
C8 CI-PFESA 104.6 8.2 120.3 3.5 119.2 1.5 0.09 0.32
C10 CI-PFESA 76.6 11.2 96.3 4.5 80.8 0.5 0.28 0.88

RAFFHGTE R RSN R A (AE2S S5 Je T2 ) (15 B0 T RAE ) PM, 5 FF S A 0 56 BB 47 i [a]
W S5, PEH T ik AT P RIORS 2 B 43 ) )RR RO 20, 40, 200 pL iR A br E S TR Ok BE R
50 ng-mL "), 4% FROUAK 5 A I AL 3L BRAN 23 At S5 AR A ARSI, e 22 ot 4 BBOVR Hh A vk B2 43 ok 1. 2,
10 ng-mL"™", M INARME EE 43 W 0EAT 3 YT 52 5280, 16 Ff PEASs BYHNFR [BISCRTE 76.6%—122.3% Z |H],
AT B HEM 224 0.5%—13.1%. iR 45 R0, AR5 B F i AL B3 1 Ao B 2 1R RE 2 PM, s A
ffi CI-PFESAs 7E N )R i PFASs [A] i 537
2.4 PM, s #E 5 PFASs ¥ B2 Fl4 A 4 F

A B SEAE AL 50T 4 22 R BRI IS X PM, s #E47 R4, JF 434t PFASs Wk J3&2 R0 43 1 FRAE, 25 R R W
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PM, s £ iy 'Y PFASs R FE7F 8.9—101.3 pg-m™ Z[A], V- BN 42.9 pg-m ™. 1% & = T Z BRI
32 38 1) PFASs ¥ J¥ (3.4—34 pg-m™) B (HAR T 1 i 17 0K 9 b #e 7 (260—1980 pg-m™) B, &
PFTrDA . PFTeDA Fil 8:2 CI-PFESA 4b, H:'E 13 Flt PFASs ¥4 K i1, L PFOA F1 PFBA iy 57544,
¥ He BN 23.1 pgrm Al 11.8 pg-m®, H:¥K & PFHpA. PFOS. PFPeA Fil PFHxA. PFOA 1 A b 50 1l
PM, 5 WY = BTG Gy, o AE A 5 Bl B S UKL PFASs (19 2005, 5 3w HL X R0 2 45
SRAH L, A SCREE PM, 5 £ 5 PFOA W B 5 T InEE RAUARHLIX (1.4 pg'm™) . H AR (2.6 pgrm™) Fll
R 5t T (11.6 pgem ) FIURE A7) H AR B2, 228 1 T3 28 Tl XM I MR B2 (556 pgrm ) P2 34, PM, 5 H LS
HE PFASs i 215 Ye W) ] B 51 25 W) o 45 i B M A28 95 A 0%, (o HL B 25 ) MK ORD - 38 554y Jo P i
B 2 RAHEDS, I Ah, K BE PFCAs(C>8) il PESAs B A Y o B FIAS: H Rt ] R 5 3 S84 I3 76 24 i Ay
P Fry feft FH AHE S AT SR BeL,

T R BRI FT G PM, 5 H PFASs W EEARfL A&l 4 FIroR. #E ACRBR IS, PM, s H PFASs ¥ i 3%
T, KWW G Y PFASs V-4 B (67.7 pgrm ™) 2 R IE I HT AP A% (30.5 pgrm™). I3 b, #E ARG BR
PFDA. PFHxS fll 6:2 CI-PFESA 4, H:4x PFASs ¥ & 45 B & 0. 2 il (R AIF 9 36 W R 2 00 4 v {2
T K ATE Y B HETCRE N, B AR 5T b 8 I B ) PEASS ¥ 5 78 R 1% 25 1 8 i it B R R H A
B IR (AR B 02, RIS S 3 UORE Sl R AR S R 1 (2020.11.19—2020.11.20) A BE R 1 2,
H A ARS8 RAE W (] — 1) — R B R L B2, I ORI AL rh PRASSs Y B I (10 T AR e v B, %45
R RE S IR IR X KA IAEEH PM, s fil PFASs B8 bR A 07, 25 I, & 50 1 BRI BRI R 15
PP BRI S B PM, s BRI — S84 WL G & SR AR S35 A — g S R0,
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Fig.4 The temporal variation of YPFASs(a)and target PFAS(b) in PM, 5 during heating period in Beijing
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ARWFFARAL TN ST T PM, s 141 5 87 B B2 {0 5 CI-PFESAs 7£ N i 16 f PFASs /) SPE-HPLC-
MS/MS [R] 43 B 7 8k 1% 07 1 RE S A %50 49 8 22 %@E’J%ﬁ%ﬂr‘ﬁﬁmﬂt/*%ﬂﬁﬁz . HEST I
B 07 3k AR v, R O A ] AR S PR RE O R BT r“ﬁﬁﬁﬁ/ﬂﬂl:ﬁafﬁ K 2 W I fS
PM, s "1 PFASs [k B /K- JEATHR 5%, 25 S £ B JL 3 T PM, 5 *WZJ’?T PFSAs 154, L. PFOA Hl
PFBA & £ %4 4y, IF H R WE I 5 PFASs ¥R B B T & A58 R J5 4L PM, 5 ' PFASs &,\%ﬁ?ﬂ%ﬁ
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